Summary
Climate changes are influenced by minor or major changes in shorter or longer periods of time in the atmosphere, biosphere, lithosphere and hydrosphere. Climate changes are now visible, tangible and measurable, and are one of the most significant risks facing the world. The world is faced with an increase in global average temperature. Since the beginning of the twentieth century until 2014, the average global air temperature rose to +0.7°C, whereby this growth has not been continuous. The rapid increase in the average temperature at the global level, in the amount of + 0.18°C for the decade, was recorded in the period after 1976. Also, the melting ice is evidenced by NASA data that indicate that the area of ice in the Arctic decreases on average by 9% per decade. The global average sea levels increased by about 10 to 25 centimeters during the last 100 years.
These consequences of climate changes will directly affect all economic activities and particularly agricultural production. During the conceptualization as the objective of the paper, we have determined the analysis of the impact of climate change on agricultural production and the ways of reduction of negative impacts. In an effort to realize the set goal, in this paper, we analyze the implications of climate change on agricultural production and food security, adaptation measures and the role of agriculture insurance in reducing the negative effects of climate changes.
Methodology and data sources
Our research is focused on the analysis of the climate changes implications on sustainability of agricultural production and measures that agricultural producers can use to absorb the negative consequences. We use statistical methods in research, with the aim of the data processing and comparation method of theoretical basics and empirical solutions of different riks measures applications. Primarily, we folow the movements of indices and trends of climate changes and their impacts on agricultural production and food security. We compare foreign empirical evidence and experiences in agricultural production risk managment and give proposals of their applications in Serbia.
Using combined data we explore the issue of food security and adaptation measures and insurance as the most important measures that agricultural producers can use in managing production risks. After comparing various available forms of prevention and financing of consequences of climate changes with foreign empirial evidence we give proposals for improvement in terms of efficiency of applied risk managment practices in Serbia.
Data are gathered from verious trustfull sources. We use sources of various leading scientists in the field of agricultural economics, risk management and insurance. We base our conclusions on data from Intergovernmental Panel on Climate Change, European Commission, Food and Agricultural Organization of the United Nations, Commodity Exchange in Novi Sad and World Bank.
Climate changes implications on agricultural production
The impact of climate change, which are evident in the increase of atmospheric and sea temperature, melting of ice and rising sea levels, on the agricultural production is not the same in all areas of the world nor is it easy predictable. However, there are consequences that can be associated with higher temperatures. These consequences can be divided into potentially positive and potentially negative to agricultural production and insurers of production risks of agricultural production.
Positive effects of climate changes in agricultural production may include (Heintz, 2008 ):
• Rapid expansion of thermophilic plants, or plants that require a warmer environment for the normal development in the northern areas;
• Farmers will be able to grow crops with longer vegetation stages, which will result in increased yields;
• The extended growth phase will extend the period of grazing pastures;
• Higher levels of carbon dioxide support photosynthesis;
• Increased precipitation in some areas will increase yields.
The negative consequences of climate changes in agricultural production may include (Heintz, 2008 ):
• Extended periods with temperatures above 35 0 C would cause heat stress in flowering plants, which will reduce yields in subtropical areas to 70%;
• Higher temperatures in northern areas will increase evaporation, significantly disrupting the water balance in the soil and in plants;
• Higher rates of evaporation in tropical and subtropical areas will dry land and will be the cause of the salinization and reduction of arable land;
• Higher temperatures will accelerate the process of flowering of fruit trees, which will increase the risk of the impact of late spring frosts to flowers;
• The higher temperatures of the seas and oceans will have direct influence on aquaculture where the most dangerous effects will be the spread of flowering of seaweed and jellyfish as well as the warming of streams intended for aquaculture. Water contains less of oxygen when heated, and can cause a negative effect on fish and other organisms;
• Patterns of animals' infections can be changed and the increase in the density of organisms and geographical coverage is possible;
• Decreased rainfall in some areas will reduce yields;
• Increased precipitation in some areas will increase the humidity and reduce yields;
• Increasing temperature leads to less snowfall, which will cause lower spring moisture that plants need in the spring. There will be an increase in forest fires in North America;
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• Areas where climate changes will cause a complete cessation of rainfall, agricultural production will not be possible (for example, the agricultural production in Australia will move from the southeast to the northwest part of the country).
The latest in a series of reports of the Intergovernmental Panel on Climate Change (IPCC, 2014) confirms the key findings of the previous report concerning the evolution of the climate as well as the key physical effects, such as effects on the land and oceans, temperature change, sea level rise and increasing ocean acidity. All these changes caused by climate changes have a negative impact on all aspects of agricultural production. This report indicates that the impacts of climate changes occur in a series of physical changes and indirect impacts on the systems and then on humans (see Figure 1 ). Global climate change, in addition to the direct impact of the increase in catastrophic events, such as hurricanes and winter storms, has numerous other effects, such as impacts to the availability of food, habitation, human health, ecosystems and water resources.
Springs occur earlier, which has an impact on the Earth's biological systems, including changes such as bird migration and egg-laying and changes in the types of plants and animals. In the Alps, for example, it is observed that certain plant species migrate upward by one to four meters per decade and some species of plants that were previously found only on mountain tops are completely extinct.
Thanks to the increase in air temperature there are changes in the diversity of animal species, in particular insects, because it is found that butterflies, dragonflies, moths, beetles and other insects live in large areas, both in terms of latitude and altitude, at which they were not be able to survive before due to the cold. Increased water temperatures, combined with changes in the surface of the ice cover, salinity and oxygen levels, influence the change in the diversity of both marine and freshwater flora and fauna. Projected changes in average annual temperatures and average rainfall in Europe until the end of the XXI century are presented in figures 2 and 3. Figures showing projected changes in average annual temperatures and annual precipitation clearly indicate that changes in agricultural production also affect Europe. Some of the changes in the agricultural production are already felt.
A warmer and drier years will contribute to a greater likelihood of heat waves and droughts on one the hand, and floods on the other. This is indicated by a study of Bernard Lehner and his colleagues at the University of Kassel in Germany, which was published in the scientific journal "Climatic Change" (Lehner et al., 2006) . This study deals with the risks posed by floods and droughts in Europe. An integrated analysis of possible impacts of climate changes on the future realization of floods and droughts on the continent indicates that in northern and north-eastern parts of Europe will be increased likelihood of floods in the future while in the southern and southeastern parts of Europe will be increased probability of droughts, whereby the extreme events, floods and droughts will occur with a higher likelihood (estimates are that they will occur every 10 to 50 years by 2070, and their current frequency is on average every 100 years). These developments will result in adverse events such as forest fires, as well as damages in sectors such as agriculture, domestic freight forwarding and supply.
Estimates are that at lower latitudes there will be the decline in yields of agricultural production, which can lead to increased risk of hunger in these areas (EC, 2008) . In higher latitudes, such as areas further north in the northern hemisphere, there will be a modest increase in the yield of agricultural production if the temperature does not rise by more than 3 0 C, but if the rise would be greater even in these areas will be a decline in the results of agricultural production (EC, 2008).
Assumed escalating of problems with droughts and water scarcity will cause the reduction of arable land and an increase in desert areas. There are also forecasts that indicate that the entire Mediterranean basin will be exposed to severe droughts. Very high temperatures can induce structural changes caused by subsidence of soil in areas where the soil structure is dominated by clay, a phenomenon that is already manifested in the UK.
Food security under conditions of realization of climate change risks
Food security, and its sufficient availability of nutrition of the population is the key reason for the existence of agricultural production since it firstly occurred. With the increasing population needs to increase agricultural production are continuing. The assumption is that by 2050, global agricultural output will have to increase by 60% compared to today's levels. Namely, in order to meet the food needs of the projected population growth and food consumption per capita, historically manifested continuity of growth in agricultural production will have to continue in order to ensure the doubling of current production (Tubiello, Jean-Francois, .
The historical trend of growth in agricultural production occurs from the fifties of the twentieth century from when significant investment in the productivity of agricultural production has been made. The whole process is called Green Revolution, which is considered to be resulted with today's levels of over 170% more grain to only 8% increase of cultivated land, compared to more than 50 years ago. Such an increase in production volume provided that the current volume of production of cereals provides food security at a level of 1 kg per person per day (Burke, Lobell, 2010) . These data refer to the average in the world. However, there are significant regional differences, and it is believed that globally more than one billion people are actually starving. This is due to faster population growth than is the growth in the volume of agricultural production. Viewed regionally in the world, only in Africa a real drop in cereal production per capita has been noticed. The reason is the fast growth of population relative to cereal production.
With the adoption of sustainable development goals, the world is dedicated to hunger elimination, security and safety of food and nutrition improvement in 2030. However, the big problem is climate changes. It is believed that in the future it can only be expected decline in the volume of agricultural production in the world, especially when viewed in correlation with the increasing population. Although there will be a slower population growth, climate change has already begun to undermine the livelihood and food security of the most vulnerable populations. Ensuring food security and good nutrition status under conditions of climate changes is a serious challenge that humankind faces already (FAO, 2016).
The only way to avoid the effects of climate change on the reduction in the volume of agricultural production and the volume of arable land is the international exchange. An additional issue that arises is the question of access to food, that is the questions of whether the countries in which the food security is compromised will be able to share food. The answer to this question is linked to the movement of prices of agricultural products and food on the global level. Growth in global food prices has been particularly evident since 2005 (see Figure 4 ) when, after a catastrophic drought in the US global food prices reached a EP 2016 (63) 3 (1015-1029) Vladimir Njegomir, Radovan Pejanović, Goran Maksimovic historic record level. Soaring food prices in the period from 2005 to 2013 was 74%. In such circumstances, it is evident that access to food will be reduced in poorer countries, especially with more pronounced effects of climate changes, which will further contribute to the growth of food prices, as shown by 2012. Figure 5 shows similar price movements or the movements observed, but all that movement is at higher price levels, especially in the period after 2010, when there was a sudden increase in the prices of agricultural products.
Adaptation of agriculture to climate changes
Climate changes are real and are a cause of concern for sustainable economic development, and in particular sustainable development of agriculture. Finding adaptation solutions is critical in the years to come, particularly in agriculture. The main task of adaptation measures is the reduction of the vulnerability of agricultural production to the catastrophic damages caused by climate changes and strengthening of the capacity of rural areas for recovering of their economy and environment.
Estimates of the International Organization for Food and Agriculture (FAO) are that 11% of arable land in developing countries will be lost by 2085 due to climate changes, which will reduce the production of cereals in more than 65 countries (McClean et al., 2005) . If we consider Africa in particular, estimates are that 25% to 42% of the habitat will be lost, which will jeopardize agricultural production and the reduction in crops for food and medicinal purposes. Thus, agricultural production is relatively under the greatest negative impact of climate changes, which is especially highlighted in the least developed countries. Unlike undeveloped countries, the developed countries of the northern hemisphere to some extent will be able to take advantage of the positive effects of global warming. The problem in developing countries, and especially in undeveloped countries, is the fact that in these countries adequate institutions and infrastructure for dealing with climate changes does not exist, despite the fact that agricultural production has a very important role in their national economies.
Adaptation of agricultural production to climate changes does not require a completely innovating of agricultural practices. It requires the adjustment of good agricultural practices to changes in environmental conditions. Adaptation refers to policies, practices and projects with the aim for reduction of negative consequences and/or exploitation of the opportunities that are associated with climate changes, including climate variability and extremes (EEA, 2016) . Another approach to the interpretation of the term "adaptation" involves the activities of policies, processes and capital adjustments in order to respond to the presence of climate changes, as well as the changes in social, institutional and technical structures and features that affect capacity for the recognition and realization of these activities. (Adger et al., 2007 ).
There are a wide variety of adaptive measures of agricultural production to climate changes. These measures include various options, from technology to management, such as production practices, and policy, such as adaptation action plans . Measures that can be applied for the adaptation vary from those that creates smaller or larger changes in the existing agricultural systems. Implementation of the measures that have a marginal impact on the existing agricultural systems can have significant benefits under conditions of moderate climate changes. However, there are limits of the effectiveness of such changes in the conditions of serious climate changes. Therefore, the systemic changes are necessary EP 2016 (63) 3 (1015-1029) Vladimir Njegomir, Radovan Pejanović, Goran Maksimovic in the allocation of the resources, such as targeted diversification of production systems and livelihood.
Agricultural producers apply a series of measures aimed at adaptation to climate changes. These measures include crop rotation in order to make best use of available water resources, adjusting sowing dates according to temperature and rainfall patterns, use different types of crops that are better adapted to new weather conditions that can include extreme temperatures and droughts, planting of hedges with the aim of protection from wind and evaporation. Providing better information on climate risks and adaptation options, advisory services and training of farmers are key adaptive measures in agriculture.
Adaptation strategies for the agricultural production exposed to climate changes are already prepared or developed in various countries of the European Union. The focus of these adaptation strategies is mainly the prevention of impacts of weather extremes that are considered imminent danger, such as floods.
As climate changes intensify, farmers may need to use other types or new crops. Some adaptation measures imposed by climate changes will be costly due to heavy investments in new equipment and infrastructure, such as building or improving irrigation systems or adapting ventilation in barns. Agricultural producers cannot themselves bear the burden of application of adaptation measures. Public policy should provide adequate support to allow farmers to adapt structures of agricultural holdings and production methods and to continue providing services to rural surroundings.
The role of the agricultural insurance
Agricultural production is threatened by a number of risks which are managed in different ways . Among the methods available for production risks management the most important role has insurance. Insurance improves agricultural production by making farmers' entrepreneurial activities more stable and certain. Insurance reduces the uncertainty of farmers and the need for creation of individual savings accounts or funds, given that the need for cash reserves is reduced (Raulston et al., 2010 ) By releasing the need for accumulation of surplus funds that can be profitably engaged, insurance additionally supports agricultural development ). In addition to indirect economic protection from the destructive effects of natural forces and human activities, insurance represents a form of security pledge (collateral) that allows agricultural producers easier access to capital through loans at lower costs. The importance of agriculture insurance is evidenced through the exclusion of state subsidies for the payment of insurance premiums from the Free Trade Agreement signed within the World Trade Organization in 1994, provided that the insurance provides financial compensation for the climate and natural disasters (Baez, Wong, 2007) .
Despite the great importance that insurance has, various studies have shown conflicting results regarding the factors that have a positive impact on agricultural producers to conclude insurance contracts. For example, Velandia et al. (2009) found that the conclusion of insurance contracts is positively affected by the level of business risks while it is negatively influenced with land ownership, income achieved outside agriculture and education. However, Sherricketal (2004) found that farmers are more willing to conclude insurance if their perceived risk for the realization of yields is greater and if they are engaged in production on farms that are larger, older and that are not leased. Also, Enjolras and Sentis (2008) analyzing the agricultural insurance in France found that the size and financial strength of farmers, diversified production and catastrophic climatic events have a positive impact on farmers' decision on the conclusion of insurance.
Historically, agricultural insurance has evolved from hail insurance, when during the last century, farmers have organized in societies for risk sharing, in order to protect their crops from the risk of fire. Over time, the scope of coverage has widened in terms of risks' covered, but also in terms of types of agricultural insurance. Global agriculture insurance premium has reached 18.5 billion dollars in 2008, of which the largest part (about 62%) came from North America, 18% from Asia, 16% from Europe and the rest from Latin America, Africa and Australia. Total realized agriculture insurance premium in emerging markets in 2007 was less than 20% of global premium (Baez, Wong, 2007) .
The basic division of agricultural insurance is the division on crop insurance and livestock insurance. Crop insurance provides coverage for all types of crops, fruits, flowers and vegetables, and livestock insurance covers losses that may arise due to the death or unplanned destruction, illness or accidental injury of horses, pigs, sheep, bulls, cows, calves and goats and other domestic animals, and in some cases some wild animals may be included. Crop insurance is the most widespread type of agriculture insurance, which accounted for about 90% of the total agriculture premium in 2008 (Iturrioz, 2009 ). Insurance types that are common in agriculture insurance include: 1) traditional insurance, based on the compensation of the actual losses caused by the insured risk or all risks, 2) yield insurance and 3) insurance based on the application of the indices (see Table 1 
Conclusion
By conducting analyses that have been presented in the work, we have come to the conclusion that the impact of climate changes on agricultural production and food security is proven, visible and greatly limiting for the agricultural production. In fact, if current trends of climate changes continue, agricultural production will be strongly negatively impacted. Positive effects can be expected in the northern hemisphere, but only on condition that there is no accelerated pace of climate changes.
Agricultural producers in dealing with the effects of climate changes have at their disposal two key mechanisms: 1) finding a long term sustainable solution based on the adaptation and 2) obtaining insurance. The implementation of these mechanisms, especially with regard to the implementation of adaptation measures, can be very expensive. Public policy should provide adequate support to allow farmers to adapt agricultural production to amended climate conditions. 
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